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:KHUHȡN-F7F-FR-F(DUHWKHQRUPDOUHVLVWLYLW\WKHFULWLFDOFXUUHQWGHQVLW\WKHFULWLFDOWHPSHUDWXUHWKHFULWLFDO
FXUUHQWGHQVLW\DW.WKHFULWLFDOFXUUHQWGHQVLW\DW.DQGWKHHOHFWULFILHOGLQWHQVLW\UHVSHFWLYHO\7KHSDUDPHWHUV-F
 -(F 9FP(RȡĮȕȖDW.GHSHQGRQPDWHULDORSHUDWLQJFRQGLWLRQV>@
2XWHU&URZEDU
7KHPRVWZHOONQRZQPHWKRGWKDWLVEHLQJXVHGWRVROYHWKHSUREOHPRI)57LVWKHFRQYHQWLRQDO&URZEDUV\VWHP
ZKLFKLVXVHGWRVKRUWWKHURWRUZLQGLQJVRIWKH'),*WKURXJKH[WHUQDOUHVLVWDQFHVDQGWKH56&ZLOOEHGLVFRQQHFWHG
IURPURWRUZLQGLQJVE\FXWWLQJRIIWKHSXOVHVRIWKHSRZHUVZLWFKHVLQWKH56&>@'XULQJDFWLYDWLRQRIWKH&URZEDU
WKH'),*ORVHVLWVFRQWUROODELOLW\DQGZLOODFWDVDVTXLUUHOFDJHLQGXFWLRQJHQHUDWRUZKLFKDEVRUEVPRUHUHDFWLYHSRZHU
IURP WKH JULG OHDGLQJ IXUWKHU YROWDJH GLS RQ WKH V\VWHP ,Q FRQWUDVW WKH 2XWHU &URZEDU ZKLFK FRQVLVW RI WKUHH
UHVLVWDQFHVLQSDUDOOHOZLWKELGLUHFWLRQDOVWDWLFVZLWFKHVFRQQHFWHGLQVHULHVZLWKWKH'),*DVVKRZQLQ)LJ$WVWHDG\
VWDWHWKHVZLWFKHVZLOOUHPDLQFORVHGDQGWKHVWDWRUFXUUHQWZLOOQRWSDVVWKURXJK&URZEDUUHVLVWDQFHV
 
'),*
56& *6&
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%R[
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2XWHU
&URZEDU/Ɛ
/ƌ
sƌ
sƐ
sŐ
*ULGVLGH)LOWHU
ZŐнũyŐ
/Ő
'),*:LQG7XUELQH

)LJ6FKHPDWLFGLDJUDPRIWKH2XWHU&URZEDU
:KHQDVKRUWFLUFXLWRFFXUUHGWKHVZLWFKHVZLOOEHWXUQHGRII,QWKLVVWDWHWKHRXWSXWFXUUHQWZLOOSDVVWKURXJK
&URZEDUUHVLVWDQFHDQGWKH&URZEDUUHVLVWDQFHVZLOOEHLQVHULHVZLWKWKH'),*7KHVWDWLFVZLWFKHVZLOOEHWXUQHGRQ
RUWXUQHGRIIDFFRUGLQJWRWKHYDOXHRIWKH'&OLQNYROWDJHRUWKHURWRUFXUUHQWGXULQJWKHJULGIDXOW
,QYHVWLJDWHG6\VWHP
)LJVKRZVDVLQJOHOLQHGLDJUDPRIWKHVWXGLHGV\VWHPZKLFKFRQVLVWVRI'),*EDVHGZLQGWXUELQH0:
7KLVZLQGIDUPLVFRQQHFWHGWRDN9SRZHUGLVWULEXWLRQV\VWHPFRQQHFWHGWRDQLQILQLW\EXVZLWKYROWDJHRIN9
DQGIUHTXHQF\RI+]'XULQJQRUPDORSHUDWLRQWKHDFWLYHSRZHULVJHQHUDWHGGHSHQGVRQWKHFKDUDFWHULVWLFVRIWKH
ZLQGWXUELQHDQGWKHUHDFWLYHSRZHULVVHWWR]HUR7KHORFDWLRQRIWKH2XWHU&URZEDURUWKH56)&/LVLQVWDOOHGEHWZHHQ
WUDQVIRUPHU7DQG%XV$OOGDWDRIWKH'),*DQGV\VWHPSDUDPHWHUVDUHVKRZQLQDSSHQGL[$
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
)LJ6LQJOHPDFKLQHLQILQLWHEXVV\VWHPZLWK'),*EDVHGZLQGWXUELQH
5HVXOWVDQG'LVFXVVLRQ
6.1. Current limiting capability 
7RLOOXVWUDWHWKHGLIIHUHQWHIIHFWRIWKH2XWHU&URZEDUDQGWKH6)&/RQWKHSHUIRUPDQFHRIWKH'),*ZLQGWXUELQH
GXULQJWKHIDXOWFRQGLWLRQVD݊IDXOWZDVFRQVLGHUHGDWWKH'),*WHUPLQDOV7KHIDXOWLVDSSOLHGDWVHFDQGFOHDUHG
DIWHUVHFE\XVLQJWKHXVXDOSURWHFWLYHGHYLFHV$OOUHVXOWVDUHWDNHQDWZLQGWXUELQHVSHHGRIPV)LJVKRZV
WKHFXUUHQWOLPLWLQJFDSDELOLW\,QWKHVWHDG\VWDWHRSHUDWLRQDQGZLWKRXWDQ\SURWHFWLRQDVVKRZQLQILJDWKHVWDWRU
FXUUHQW LV  SX DQG GXULQJ WKH JULG IDXOW WKH ILUVW SHDN RI WKH FXUUHQW LQFUHDVHV WR DERXW  SX DQG EHFDPH
XQV\PPHWULFDO 7KHSHUIRUPDQFH RI WKH'),*XQGHU JULG IDXOW LV VWXGLHGZLWK GLIIHUHQW YDOXHV RI2XWHU&URZEDU
UHVLVWDQFHV5FURZ7KHVHYDOXHVDUHPXOWLSOLFDWLRQVRIVWDWRUUHVLVWDQFH5VOLNH5FURZ 5V5V5V5V5V
)URPWKHUHVXOWVWKHRSWLPXPYDOXHLV5FURZ 5VEHFDXVHLWFRXOGOLPLWWKHURWRUDQGVWDWRUFXUUHQWVWRWKHPLQLPXP
SHUPLVVLEOHYDOXHVGXULQJDQGDIWHUWKHIDXOWFRPSDUHGZLWKRWKHUFDVHV)LJEVKRZVWKLVRSWLPXPFDVHZKHQWKH
VWDWRUFXUUHQWILUVWSHDNGHFUHDVHVWRDERXWSXDQGFRQWLQXHVLQGHFUHDVLQJ,WLVQRWHGWKDWWKH2XWHU&URZEDUDFWLRQ
LVQRWHIIHFWLYHRQWKHILUVWSHDNRIWKHIDXOWFXUUHQWWKLVLVEHFDXVHWKHUHLVDOLWWOHGHOD\LQWKHLQVHUWLRQRILWGHSHQGLQJ
RQWKHWULJJHULQJWLPHRIWKHSRZHUVZLWFKHV$IWHUGHDFWLYDWLRQRIWKH&URZEDUUHVLVWDQFHWKHUHLVDGHYLDWLRQLQWKH
FXUUHQWZKHQWKHIDXOWLVFOHDUHGWKDWOHDGVWRWKHSUHVHQFHRIWUDQVLHQWFRPSRQHQWVDVLWKDSSHQVDWWKHEHJLQQLQJRI
WKHIDXOWEXWZLWKOHVVVHYHULW\WKHQLWUHWXUQVWRVWHDG\VWDWHDIWHUGHDFWLYDWLRQRIWKH&URZEDUUHVLVWDQFH
:KHQLQVHUWLQJ6)&/LQWKHV\VWHPDVVKRZQLQ)LJFWKHSHDNYDOXHRIWKHWKUHHSKDVHIDXOWFXUUHQWLVOLPLWHG
WRDERXWSX,QFRQWUDVWZLWKWKH2XWHU&URZEDU6)&/OLPLWVWKHIDXOWFXUUHQWIURPWKHILUVWSHDNZLWKRXWDQ\
FRQWURODFWLRQ$OVRWKHWUDQVLHQWSHDNLVUHGXFHGDIWHUIDXOWFOHDUDQFHIRUDOOWKUHHSKDVHV7KHUHIRUHWKH6)&/JDYH
DEHWWHUHIIHFWRQWKHRYHUDOOG\QDPLFSHUIRUPDQFHRI'),*WKDQWKH2XWHU&URZEDU)LJGVXPPDUL]HVWKHGLIIHUHQW
OLPLWLQJHIIHFWRI2XWHU&URZEDUDQG6)&/RQWKHWKUHHSKDVHVWDWRUFXUUHQWV
6.2. Voltage Characteristics 
7KLVSDUWH[SODLQVWKH&KDUDFWHULVWLFVRIWKHYROWDJHGLSDWWKHWHUPLQDOVRIWKH'),*:LWKRXWXVLQJDQ\SURWHFWLRQ
PHWKRGLWLVVKRZQWKDWWKHYROWDJHLVGHFUHDVHGWROHVVWKDQSXGXULQJIDXOWDVVKRZQLQ)LJKHQFHWKHZLQG
WXUELQHZLOODXWRPDWLFDOO\GLVFRQQHFWHG$IWHUXVLQJWKH2XWHU&URZEDUWKHYROWDJHUHDFKHVWRDERXWSXZKLFKLV
EHWWHU WKDQ WKHPLQLPXPYDOXH OHYHORISXUHVSHFWHG WR WKHJULGFRGHUHTXLUHPHQWV LVVXHGE\$(62$OEHUWD
(OHFWULF6\VWHP2SHUDWRU>@+RZHYHUWKHUHLVDGHYLDWLRQLQWKHYROWDJHDWWKHWLPHRIIDXOWFOHDUDQFH2QWKHRWKHU
KDQGZKHQFRQQHFWLQJWKH6)&/WRWKHV\VWHPWKHUPVYROWDJHRIZLQGWXUELQHLVGHFUHDVHGDQGUHDFKHVDERXWSX
DQGWKHYROWDJHGHYLDWLRQLVUHGXFHGDWWKHLQVWDQWRIIDXOWFOHDUDQFHEXWVWLOOH[LVWDVWKH6)&/FDQQRWUHFRYHUWRLWV
VXSHUFRQGXFWLQJVWDWHLPPHGLDWHO\DIWHUUHPRYLQJWKHIDXOW

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)LJ'),*6WDWRU&XUUHQWD:LWKRXW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E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F:LWK56)&/G)LUVW3HDNRI6WDWRU&XUUHQW

)LJ7HUPLQDOYROWDJHRI'),*
6.3. Active and Reactive Power Behavior 
)RUPRUHDQDO\VLVRIWKHHIIHFWRI2XWHU&URZEDUDQG6)&/RQWKHSHUIRUPDQFHRI'),*DFWLYHDQGUHDFWLYHSRZHU
DUHSUHVHQWHGLQ)LJ7KHUHDOSRZHUUHGXFHGWR]HURGXULQJWKHIDXOWSHULRGZLWKRXWXVLQJDQ\SURWHFWLRQDQGWKH
'),*DEVRUEVODUJHUHDFWLYHSRZHUIURPWKHJULG7KLVLVEHFDXVHWKHIOX[OHYHOQHHGVWLPHWRUHDGMXVW7KHUHIRUHWKH
HOHFWURPDJQHWLFWRUTXHIOXFWXDWHGDQGUHGXFHGWR]HUR+HQFHWKHURWRUVSHHGLQFUHDVHGDFFRUGLQJO\%XWZKHQWKH
2XWHU &URZEDU LV XVHG )LJ D VKRZV WKDW WKH DFWLYH SRZHU GHFUHDVHG WR 0:GXULQJ WKH JULG IDXOW $IWHU
GHDFWLYDWLRQRI WKH&URZEDU WKHSRZHUGHFUHDVHG WR0: WKHQ LW UHWXUQHG WRVWHDG\VWDWH)LJ EVKRZV WKH
YDULDWLRQVRIWKHUHDFWLYHSRZHUGXULQJWKHIDXOWSHULRG'XULQJQRUPDORSHUDWLRQ'),*ZRUNVDWXQLW\SRZHUIDFWRU
EHFDXVHWKHUHDFWLYHSRZHULVQHDUO\]HUR$IWHUIDXOWRFFXUUHQFHZLWKRXW2XWHU&URZEDURU6)&/WKHUHLVDKLJK
SRVLWLYHGHYLDWLRQIRUDERXW09$5WKHQLWUHGXFHGWRQHDUO\09$5GXULQJWKHIDXOWSHULRGDQGE\FRQWUDVWWKH
'),*DEVRUEVODUJHUHDFWLYHSRZHUIURPWKHJULGIRUPRUHWKDQ09$5DWWKHIDXOWFOHDULQJLQVWDQW:KHQDFWLYDWLQJ
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WKH2XWHU&URZEDUWKHGHYLDWLRQLQUHDFWLYHSRZHULVUHGXFHGWRDERXW09$5DWIDXOWPRPHQWDQGWRDERXW09$5
DWIDXOWHQGEXWLW5HPDLQVKLJKWRVRPHH[WHQW

 D E

F
)LJ'),*&KDUDFWHULVWLFVD$FWLYH3RZHUE5HDFWLYH3RZHUF(OHFWURPDJQHWLF7RUTXH
$IWHUXVLQJWKH6)&/WKHDFWLYHSRZHUGURSLVGHFUHDVHGWRDQDFFHSWDEOHYDOXH0:ZKLFKLVOHVVWKDQWKHFDVHV
ZLWKRXWDQGZLWKWKH2XWHU&URZEDU,QDGGLWLRQWKHUHDFWLYHSRZHUFKDUDFWHULVWLFVDUHEHWWHUWKDQWKHSUHYLRXVFDVHV
LW KDVDYHU\ VPDOOGHYLDWLRQDW WKHEHJLQQLQJDQGHQGRI WKH IDXOW DV VKRZQ LQ)LJ E)XUWKHUPRUH WKH6)&/
LQWHJUDWLRQ UHGXFHV WKH GHYLDWLRQ RI WKH WRUTXH DV VKRZQ LQ )LJF &RQVHTXHQWO\ GDPSLQJ WKH RXWSXW SRZHU
RVFLOODWLRQDQGWKXVHQKDQFLQJWKHVWDELOLW\RIWKHZLQGV\VWHPHIIHFWLYHO\
6.4. The DC-link voltage 
)LJVKRZVWKHYDULDWLRQRIWKH'&OLQNYROWDJHDWWKHFRQYHUWHUVLGHGXULQJWKHIDXOWSHULRG7KH'&OLQNYROWDJH
LV9LQWKHVWHDG\VWDWHRSHUDWLRQ,WLQFUHDVHVWRPRUHWKDQ9GXULQJWKHIDXOWZLWKRXWDQ\SURWHFWLRQPHWKRG
WKLVYDOXHLVYHU\KLJKDQGPRUHWKDQWKHDOORZDEOHYDOXH>@+RZHYHULWUHDFKHVWRDERXW9ZKHQXVLQJWKH
2XWHU&URZEDU$OWKRXJKWKLVYDOXHLVUHGXFHGWRDQDFFHSWDEOHOLPLWWKHUHDUHVRPHDPRXQWRIHQHUJ\VWLOOIORZLQJ
WRWKH'&OLQN$IWHUXVLQJWKH6)&/WKH'&OLQNYROWDJHLVOLPLWHGWRDERXW9DQGUHWXUQVWRLWVVWHDG\VWDWH
UDSLGO\

)LJ'&OLQNYROWDJHRIFRQYHUWHU

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6.5. Bi-2212 SFCL characteristic 
7KH,QLWLDODQGFULWLFDO WHPSHUDWXUHRI WKH%L6)&/DUH.DQG. UHVSHFWLYHO\)LJDVKRZV WKH
WHPSHUDWXUHRIWKH%L6)&/LWH[FHHGVLWVFULWLFDOYDOXHDWWKHILUVWF\FOHRIWKHIDXOWDQGFRQWLQXHVWRLQFUHDVHWR
KLJKHU YDOXHV 6R WKH%L6)&/ VWDWHZLOO FKDQJH IURP WKH IOX[ IORZ VWDWH WR WKH UHVLVWLYH VWDWH+HQFH WKH
UHVLVWDQFHRI WKH6)&/LQFUHDVHVFRQWLQXRXVO\DORQJZLWK IDXOWGXUDWLRQDVVKRZQ LQ)LJEDQG OLPLWV WKH IDXOW
FXUUHQW$IWHUWKHIDXOWFOHDULQJWKHIDXOWFXUUHQWUHGXFHVDQGWKHQUHVLVWDQFHRIWKH6)&/ZLOOVOLJKWO\GHFUHDVH,W
WDNHVVRPHVHFRQGVWRFKDQJHIURPUHVLVWLYHVWDWHWRLWVVXSHUFRQGXFWLQJVWDWH

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)LJD6XSHUFRQGXFWLQJ7HPSHUDWXUH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E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6.6. Effect of the Current Limiting Resistance 
7KHHYDOXDWLRQRI WKHFXUUHQW OLPLWLQJUHVLVWDQFHIRUERWKWKH2XWHU&URZEDUDQG6)&/KDYHEHHQVWXGLHGZLWK
VHYHUDOFDVHVRIYDU\LQJ WKHLU UHVLVWDQFHYDOXHV)LJDVKRZV WKDW LQFUHDVLQJ5FURZYDOXHDVDSHUFHQWDJHRI5V
GHFUHDVHVWKHYROWDJHGLSDWWKHJHQHUDWRUWHUPLQDOV,QFRQWUDVWWKHVWDWRUFXUUHQWGURSSHGWRYDOXHVORZHUWKDQWKH
QRPLQDOFXUUHQWZKLFKFDXVHVDPDOIXQFWLRQLQJRI WKHSURWHFWLRQGHYLFHV)XUWKHUPRUH WKHUHZLOOEHDQXQGHVLUHG
UHDFWLYDWLRQRIWKH&URZEDUGXHWRWKHKLJKFXUUHQWVHQVLQJDWWKHHQGRIWKHIDXOWFOHDUDQFH+HQFHLWKDVEHHQIRXQG
WKDWWKHFDVHRI5FURZ 5VLVWKHRSWLPXPYDOXHRI&URZEDUUHVLVWDQFH$WWKLVYDOXHVWDWRUFXUUHQWLVOLPLWHGGXULQJ
WKH IDXOW WR D SHUPLVVLEOH GDPSHG YDOXHV DV VKRZQ LQ WKH SUHYLRXV UHVXOWV 2Q WKH RWKHU KDQG WKH YROWDJH GLS
FKDUDFWHULVWLFVDUH LPSURYHG IRUKLJKHU6)&/ UHVLVWDQFHYDOXHVDV VKRZQ LQ)LJEZLWKDQDFFHSWDEOH OLPLWHG
YDOXHVRI WKHVWDWRUFXUUHQWDQG WKHRSHUDWLRQRI WKHQRUPDOSURWHFWLYHGHYLFHVZLOOQRWEHDIIHFWHG7KHPLQLPXP
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